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activities, and the resulting phosphoinositide accumula-
tion promotes actin polymerization by removing capping
proteins from the fast-growing (barbed) ends of actin
filaments and by activating WASP family proteins that
stimulate the branching polymerization of actin fila-
ments at free barbed ends by the Arp2/3 complex (Pan-
taloni et al., 2001; Pollard and Borisy, 2003). Rho
GTPases also activate PAK, leading in turn to the phos-
phorylation and inactivation of the actin-depolymerizing
factor, ADF/cofilin (Chen et al., 2000).
Robertson et al. recently reported that point mutations
on FLNa are responsible for congenital malformations
affecting multiple human organ systems, presumably
due to defective cell migration during embryonal devel-
opment (Robertson et al., 2003). This indicates that we
are barely scratching the surface about FLNa’s role as
a scaffold for signaling to actin assembly. Most of the
mutations in the Robertson et al. study reside at posi-
tions in the FLNa sequence not yet implicated in binding
of specific partners. Future research will undoubtedly
define such partners. It will also increasingly define how
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question. Brockdorff and colleagues now report thatSETting the Stage: Eed-Enx1
Eed, along with its binding partner Enx1, transientlyLeaves an Epigenetic Signature associates with the inactive X chromosome (Xi) and
likely contributes to the epigenetic signature and long-on the Inactive X Chromosome
term stability of the Xi heterochromatin.
In spite of unequal X chromosome copy number be-Despite evidence implicating the Polycomb group pro-
tween the sexes, gene expression levels are largelytein, Eed (embryonic ectoderm development protein)
comparable as a result of dosage compensation mecha-in imprinted X inactivation, a similar role in random
X inactivation in the embryo has remained an open nisms. In mammals, this is achieved by rendering most
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of the genes on all but one X chromosome transcription-
ally silent early in development, a process commonly
referred to as X inactivation. During the process of X
inactivation, the Xi acquires a number of physical fea-
tures that are in contrast to its active X counterpart (Xa;
Cohen and Lee, 2002). While it is generally accepted
that these differences contribute to gene silencing at
the Xi, the identity of many of the factors involved in
establishing these distinctions has remained elusive.
One of the most notable features of the Xi chromatin
is a differential histone H3 methylation pattern that first
appears in the very early stages of the X inactivation
process (Cohen and Lee, 2002). Most histone methyla-
tion is catalyzed through the SET domain of members
of a growing family of enzymes known as the histone
methyltransferases (HMTases; Jenuwein, 2001). One
SET domain member of the HMTase family, the Poly-
comb group (PcG) protein Enx1, contributes to methyla-
tion of lysine residues 9 and/or 27 of histone H3 (Cao
et al., 2002; Czermin et al., 2002; Kuzmichev et al., 2002;
Muller et al., 2002). A role for Enx1 and its binding partner
Eed in imprinted X inactivation in extraembryonic tissues
has been proposed due to the stable association of both
proteins with the imprinted Xi but not the random Xi in
somatic cells of the embryo proper (Mak et al., 2002).
Additionally, mice homozygous for a lethal mutation in
eed are incapable of maintaining imprinted X inactiva-
tion in extraembryonic tissues, but this mutation has no
apparent effect on random X inactivation in the embryo
proper (Wang et al., 2001).
In this issue of Developmental Cell, Brockdorff and
colleagues report that the Eed-Enx1 PcG complex is in
fact common to imprinted and random X inactivation in
both in vitro and in vivo systems (Silva et al., 2003). The
transient association of the Eed-Enx1 PcG complex with
the Xi correlates with the early stages of X inactivation
and with the stable cis association of the X-inactive
specific transcript (Xist), the earliest known marker of X
inactivation (see model depicted in Figure 1A). The PcG
complex then dissociates from the Xi as cells differenti-
ate and as development proceeds. The authors demon-
strate that expression of Xist RNA is both necessary
and sufficient for the association of the PcG complex
with the Xi. This association of the PcG complex with
the Xi coincides temporally with increased Xi levels of
histone H3 methylation at lysine 9 (H3meK9) and lysine
Figure 1. Schematic Representation of the Functional Role of the 27 (H3meK27). Interestingly, the authors raise a growing
Eed-Enx1 Complex in Establishing an Epigenetic Signature on the
concern regarding the specificity of antibodies raisedXi
to the various methylated forms of histone tails. A signifi-
(A) Early in development, wild-type female cells are stimulated to
cant degree of crossreactivity between antisera raiseddifferentiate, inducing the X inactivation pathway. Xist expression
to the H3meK9 and H3meK27 remains a possibility.and cis association with the future Xi recruits the Eed-Enx1-con-
taining PcG complex to the Xi chromatin. A histone deacetylase Combined with antigen accessibility, the actual methyla-
(HDAC) removes acetyl groups from the lysine residues in the amino- tion status of the Xi is thus questionable and may require
terminal tails of nucleosomal histone H3, exposing lysines 9 and/or alternative methods to assess definitively.
27 for methylation by the SET domain of Enx1. The methylated Xi
nucleosomes contribute to the signal to adopt a heterochromatic
state and consequently underlie gene silencing on the Xi (repre-
sented by the state of the traffic lights). In subsequent cell divisions, somes. However, the mutant Eed fails to recruit Enx1, and subse-
heterochromatin of the Xi is stably inherited by as yet unidentified quently histones of the Xi are not methylated at lysine 9 and/or 27.
maintenance HDAC and HMTase proteins that recognize and pre- Postdifferentiation, a heterochromatic state for the Xi is not stably
serve methylation of nucleosomes. maintained in the absence of the methylation imprint. This results
(B) In eed mutant cells, Xist is targeted in cis to the future Xi and in ever accumulating incomplete deacetylation of the Xi in daughter
recruits the HDAC-containing complex that prepares histones for cells. With each cell division, the Xi heterochromatin gradually
methylation. The lack of the full complex likely compromises activity, adopts a more open configuration and the signal to silence gene
represented by the failure to completely deacetylate the nucleo- expression at the Xi is forgotten.
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